Summary.-This study investigated the relationship between speech perception and speech production. An experimental technique called motor-motor adaptation was devised. Subjects produced a speech token repeatedly (20 to 40 repetitions), then produced a second token one time. These tokens all ,contained stop consonants and were subsequently analyzed for voice onset time. The results previous findings using the experimental procedure, perceptuomotor adaptation. The present study supports the notion of a perception-production link.
A commonly occurring theme in speech perception is the degree to which the process of perceiving speech is purely sensory at lower levels of processing such as auditory or phonetic levels. Proponents of the motor theories of speech perception have argued that perception is mediated through production (Liberman, Cooper, Shankweiler, & Studdert-Kennedy, 1967) . To investigate the putative connection between the perceptual and productive components, Cooper and his associates (Cooper, 1974; Cooper & Lauritsen, 1974; Cooper & Nager, 1975 ) developed a procedure called perceptuomotor adaptation to assess whether a purely perceptual task could affect an immediately following production task. Perceptuomotor adaptation was based on an earlier experimental technique, selective adaptation (Eimas, Cooper, & Corbit, 1973; Eimas & Corbit, 1973) .
In selective adaptation studies, listening to a speech token played over and over again can affect subsequent perception of tokens that share some characteristic with the repetitive token such as place of articulation or voicing. In particular, a subject's identification of the place of articulation or voicing of the second token changes when he has been exposed to the repetitive token when compared to his identification of the same tokens prior to this exposure. Cooper's (1974) hypothesis was that, if perception and production are related, listening to a repeated stimulus item should affect subsequent production of a related token in a manner similar to the way it affects subsequent perception of another token.
In perceptuomotor adaptation, a subject listens to a repetitive utterance-the adaptor-then produces a test token. There are two adaptors used either in the control condition, which is the control adaptor, or in the experimental condition, which is the test adaptor. The test adaptor normally contains a stop consonant and the control adaptor is a vowel. As in selective adaptation, the test token shares some characteristic with the test adaptor such as voice-onset time (VOT) or place of articulation.
The response utterances are again analyzed in terms of a criterial linguistic dimension such as VOT and the utterances produced after the test condition are compared to those produced after the control condition. Researchers have found that the VOTs of voiceless stop consonants produced after adaptation with an adaptor containing a voiceless stop consonant were significantly shorter than VOTs of voiceless stop consonants produced after adaptation with a vowel (Cooper, 1974; Cooper & Lauritsen, 1974; Cooper & Nager, 1975; Jamieson & Cheesman, 1987 , but see Shuster, 1988 Summerfield, Bailey, & Erickson, 1980) . These results are analogous to those obtained with selective adaptation. The fact that production is affected by the perceptual task is considered to be evidence of relationship between the cognitive processes underlying speech perception and speech production. Cooper and his colleagues (Cooper, 1974; Cooper & Nager, 1975) have argued that both processes share the same neural mechanisms and that perceptuomotor adaptation reflects fatigue to this underlying system. However, perceptuomotor adaptation does not occur when the adaptor and the token produced by the subject contain a voiced consonant. There have been several theories to account for the asymmetry between voiced and voiceless stimuli found in perceptuomotor adaptation (Cooper & Nager, 1975; Jamieson & Cheesman, 1987) .
According to Cooper, Blumstein, and Nigro (1975) , the earlier explanation of perceptuomotor adaptation effects (Cooper & Nager, 1975) assumed that th; relationship between speech perception and speech production is not unidirectional. That is, production affects perception in the same way that perception affects production. Cooper and Nager (1975) , however, did not provide evidence that the connection is reciprocal. It may be that perception affects production, but not vice versa. To explore this issue, Cooper, et a/. (1975) designed a series of experiments that investigated the relationship between perception and production in the opposite manner from previous perceptuomotor adaptation experiments. Rather than asking subjects to listen to a repetitive stimulus, then produce an utterance, they asked subjects to speak an utterance repeatedly and then identify a token presented auditorily. Their hypothesis was that, if perception and production affect one another reciprocally, production should influence perception in a manner analogous to the way perception influences production.
Cooper, et a!. (1975) investigated lace of articulation, rather than voicing, because they included a condition in which subjects used whispered speech, so, voicing would not have been an appropriate parameter. They argued that, if perceptual adaptation is produced by repeating a series of labial tokens, the [be]-[dse] boundary of a synthetic continuum should shift toward bse], i.e., subjects should identify fewer tokens as k s e ] after the repetitions, than they had prior to adaptation. In a condition in whlch subjects could hear their voices, as well as in a condition in which they were deprived of their own auditory feedback, subjects behaved in the expected manner; however, the results were not statistically significant. Cooper, et al. still felt that a perceptuomotor adaptation effect was present.
Perceptuomotor adaptation experiments have shown that speech perception can affect speech production and speech production can affect speech perception. Selective adaptation experiments have demonstrated that perceptual adaptation can affect subsequent perception. A l l of these experiments have produced similar results. We do not know, however, the effect that a repetitive production task would have on subsequent production of a second utterance. To explore the connection between perception and production thoroughly, it is important to determine what effects occur to production as a result of the adaptation of production itself. The present experiment was undertaken to measure the effect that repetition of a consonant-vowel syllable containing a stop consonant has on the VOT of a CV uttered immediately after the repetitions. We call this procedure motor-motor adaptation. If motor-motor adaptation produces results similar to those obtained with perceptuomotor adaptation and selective adaptation, this would provide further evidence that perception and production are related.
Subjects
Subjects were 18 Ohio State University undergraduate students between the ages of 18 and 23 yr., who participated in the experiment for course credit. None of the subjects had any known history of neurological, speech, language or hearing impairment. All were white, native speakers of English.
Procedure
Subjects were told that they were going to be asked to repeat a word (the adaptor), either [bi] or [phi] . They were told that, to help them time the repetitions, they were to use a small, periodically blinhng red light on the table in front of them. This was a light-emitting diode driven by a timer that flashed at 800-msec. intervals. Subjects were instructed to keep repeating the word until a large white light (that was also located on the table in front of them) came on. They were further instructed that as soon as the white light came on, they were to produce a second word, the test token, a single time. The test words were [di] and [thil. The white light was turned off following the subject's production of the test word. Subjects were told to begin repeating the first word again as soon as they felt ready.
Each subject was given practice in producing the utterance in time to the blinking red light. A picture was placed in front of this light to help the subject remember which utterance to repeat. Pictures were utilized rather than written words to avoid any possible confounding effect that reading might have on the task. The large white light was controlled by the experimenter from outside the booth. A second picture was placed by this white light to aid subjects in remembering the response utterance. Voice onset times of the subjects' 720 responses were measured from oscillographic displays produced by the ILS program implemented on a DEC PDP 11/23 computer. The variable resolution of the display allowed measurement within +_2 msec. For 14 of the utterances (2% of the sample), it was impossible to determine the point of release and/or the onset of voicing. These utterances were excluded from the analysis.
RESULTS
The mean VOTs for each subject in each adaptor condition were calculated and are displayed in Table  A These data support the view of Cooper and Nager (1975) that adaptation effects are limited to those mechanisms responsible for the perception of voicelessness. The pattern of adaptation effects obtained here using an articulatory adapting condition is then the same as that produced by a perceptual adapting condition. 
DISCUSSION
The motor-motor adaptation results are consistent with the hypothetical link between speech perception and speech production. The procedure produced the same results as does perceptuomotor adaptation. Voiceless tokens produced after repeated exposure to a voiceless adaptor are significantly shorter than those produced after adaptation to a voiced adaptor. Listening to a voiced adaptor, however, produced no effect on a voiced token produced after exposure to that adaptor. One criticism of the present study is that the results may not be a product of motor adaptation, but may actually reflect perceptuomotor adaptation. In other words, the subject's own voice produces perceptual adaptation which, in turn, influences subsequent production. The findings, however, of would tend to discount t h s explanation.
They found that production affected perception even when subjects were prevented from hearing themselves. There was no significant difference between the condition in which they could hear themselves and the condition in which they could not. Therefore, one's own auditory feedback does not appear to be what influences subsequent behavior, at least in the case of subsequent perception. Whether this signal is articulatory or perceptual or both is unclear. Although the adaptation of perception appears to occur, even when auditory feedback is masked, the possibility that our results were produced by auditory perceptual adaptation is currently under investigation.
If the motor-motor adaptation results are further evidence for a perception-production link, the next question is: what is the nature of this link? One hypothesis may be found in the work of Ojemann (1983; Ojemann & Mateer, 1979) in which he used electrical stimulation mapping of the cerebral cortex. Ojemann's electrical stimulation was carried out during craniotomies for intractible epilepsy. The craniotornies were conducted under local anesthetic and therefore the patient was conscious and alert during surgery. The electrical stimulation consisted of trains of 60-Hz 2.5-msec. total duration biphasic square wave pulses administered 5 mm apart. The patient would begin a particular language task selected by Ojemam, then the stimulation would be delivered. Ojemann would note the sites at which a particular task was disrupted. Two of the tasks that Ojemann designed were a phoneme-identification task and an oral motor-sequencing task. The phoneme-identification task required the patient to identify a stop consonant embedded in the utterance [=_ma] . The oral motor sequencing task required the patient to imitate a series of oral motor movements presented on slides. Ojemann found that these two tasks were consistently disrupted at the same sites. Ojemann argued that these findings were evidence for a relationship between speech perception and speech production. He described a "sequential motor-phoneme-identification system" and argued that the existence of such a system provided support for the motor theory of speech perception (Liberman, et al., 1967; Liberman & Mattingly, 1985) . This may not be the only connection between speech-perception and speech-production mechanisms in humans. It may, however, partially explain the results obtained with perceptuomotor and motor-motor adaptation. Adaptation experiments appear to have shown that rhere is a relationship between speech perception and speech production. Further research is required to specify and clarify the nature of this relationship.
